Extant literature documents the negative environmental impacts of corruption on forest loss. More recently, research has shown that both grand and petty corruption are associated with higher levels of forest loss in low-and middle-income nations. However, the extant research neglects to assess how different types of grand and petty corruption impact forest loss. To address the gap in the literature, this article differentiates the effect of various types of corrupt actions on forest loss. Ordinary Least Squares (OLS) regression for a sample of 87 low-and middle-income nations from 2000 is used to test if grand corrupt actions, namely embezzlement and bribes, and petty corrupt actions including theft and corrupt exchanges are related to increased forest loss. The dependent variable uses satellite forest data from 2001 to 2014. Results show that embezzlement, bribes, theft, and corrupt exchanges all impact forest loss, which suggests that policy measures to curb corruption should take a holistic approach to corruption, rather than rely on individual interventions.
Background
Corruption is commonly defined as the 'misuse of public power for private gain ' (see Transparency International, 2018 ). The definition is intentionally vague in an attempt to capture the multifaceted and transforming meanings of this concept (Sundström, 2016a; Meehan & Tacconi, 2017; Tacconi, Downs, & Larmour, 2009 ). While corruption is something that 'we recognize when we see it,' it also varies by time and place, making it difficult for scholars and practitioners to agree on a definition. Most scholars, especially when studying corruption in the forestry sector, move past this challenge by choosing a theoretical frame for understanding corruption (please see Sundström (2016a) for a full review of all recent literature concerning corruption and forest loss). These include thinking of corruption in terms of collusive and non-collusive, political and public, or grand and petty (Callister, 1999; Koyuncu & Yilmaz, 2009; Sommer, 2017) .
The current study employs a theoretical frame in part developed by Sundström (2016a) , which elaborates how corruption is rampant in government authorities, and can be broken down into grand corruption, which captures corruption by the executive branch, and petty corruption, which refers to corruption in the public sector (Agrawal, 2007; Halkos, Sundstrom, & Tzeremes, 2013) . Following previous research, executive or 'grand' corruption is defined as bribes and embezzlement that happen at the level of rulers and the cabinet, and public sector or 'petty' corruption as theft and corrupt exchanges that occurs among low-and mid-level public officials (Coppedge, et al. 2016, 67) . For instance, petty corruption could entail a situation where an illegal exchange takes place between a public official and a logger to not enforce a regulation, where grand corruption can entail a company bribing an executive official to enact a concession that allows logging in a previously protected area (Callister, 1999; Sundström, 2016a; Meehan & Tacconi, 2017) .
However, this study is less concerned with how these government bodies impact corruption and more interested in how corrupt actions in both grand and petty forms impact forest loss. Therefore, the following section details how bribes, embezzlement, theft, and corrupt exchanges should impact forest loss in an attempt to shift the discussion away from corruption as a vague and all-encompassing concept to a series of measurable actions. Conceptualizing corruption as actions rather than an overarching term may help in generating more specific policy recommendations that can identify what corrupt actions are possible, how they impact forest loss, and what types of ameliorative policies we should focus on.
Corrupt Actions and Forest Loss
Corrupt actions should impact forest loss in several ways. The following section is a review of how the four main corrupt actions-bribes, embezzlement, corrupt exchanges, and theft-should impact forest loss with examples for each. These are summarized in Table 1 below. Under the framework of grand corruption, executive officials can give companies and timber barons 'preferential' treatment for large bribes or payoffs (Miller 2011; Currey & Ruwindrijarto, 2001) . Through this process corrupt leaders and timber companies make deals to draw in profits (Callister, 1999) . Officials may accept or ask for bribes to eliminate or soften laws and restrictions, allowing loggers to access areas previously off limits (Callister, 1999) . These decrees may also lift protections on rare and valuable tree species, especially in tropical forests (Sundström, 2016a; Koyuncu & Yilmaz, 2009) . Moreover, an official may ask for a bribe to create forestry concessions, making logging more profitable. For example, in Peru in 2000, several logging concessions gave power over forestland to large timber companies even though most of the forestland in Peru was occupied by indigenous people (Sears & Pinedo-Vasquez, 2011; Urrunaga et al., 2012; Putz & Romero, 2015) . Logging concessions, permits, and contracts are often directly controlled or held by the powerful political and economic ruling class, which support corporate logging for export, and should result in increased deforestation (Laurance, 2004; Speechly & Van Helden, 2012; Straumann, 2014) . In an attempt to reform forest policy in Peru to reduce these environmentally damaging concessions, laws were later adopted to incorporate a free trade treaty with the United States that would encourage legal forest trade (Urrunaga et al., 2012; Oliveira et al., 2007) . However, following the deal, several executive mandates created loopholes to convert forestland into agricultural land, allowing for further executive corruption (Urrunaga et al., 2012) . Despite civilian protest, which resulted in violence, the executive sector was able to defend its orders for their own monetary gain (Oliveira et al., 2007 ).
Embezzlement
Embezzlement is another corrupt action within the framework of grand corruption. Executive powers can embezzle, or misappropriate, funds generated from the profit of the forests in the form of private illegal gains (Palo, 2004; Finer et al., 2014) . Although these illegal actions can be taken to courts, many executive officials have the power to protect business elites from any penalties (Palo, 2004) . These instances are found in areas such as Indonesia, Cambodia, and the Democratic Republic of the Congo, and often result in the clearing of large expanses of forests (Prager & Thisse, 2012; Søreide, 2007; Sundström, 2016a) . For example, in Malaysia, a lack of a transparent and accountable systems of governance allowed corrupt executive politicians to lease out licenses for logging to corporations and private individuals at the expense of Malaysian land owners (Laurance, 2004; Speechly & Van Helden, 2012; Straumann, 2014) . Malaysian leaders often engaged in money laundering and tax evasion to cover up dirty money from these embezzlements (Straumann, 2014) . Therefore, executive embezzlement should result in more forest loss.
Corrupt Exchanges
Within the framework of petty corruption, public sector officials are often in close proximity to forests which allows for more interaction with loggers and companies (Siebert & Elwert 2004) . These frequent interactions can sometimes translate into corrupt exchanges which benefit underpaid forestry officials and loggers seeking to pay less for permits or log on protected land (Sommer, 2017) . For example, in 2002, the Democratic Republic of the Congo created a moratorium against commercial logging; however, loggers found their way around the suspension by bribing officials for artisanal permits (permits usually reserved for community logging) (Butler, 2013; Debroux et al., 2007) . These moratoriums allow logging companies to target endangered tree species for export to areas such as China and Europe (Butler, 2013) . Although the government has recently implemented other initiatives such as the Agricultural and Rural Sector Rehabilitation Support Project (PARSAR), officials may engage in corrupt exchanges so that companies and militiamen can circumvent such laws (Severin, 2010; Butler, 2013) . This process can lead to increased forest loss, especially if corrupt exchanges undermine issues with scarcity (Robbins, 2000) .
Theft
Public officials can engage in the theft of resources generated from logging, which can make it appear on paper like less forests were cut through falsified documents. Forestry officials may also choose to not stamp permits, making it difficult to track logger's actions while also making funds easier to steal (Miller, 2011) . This type of collusion with loggers can increase false documentation, allowing larger amounts of trees to be harvested (Gore et al., 2013) . Even nations that have become very successful in environmental protection are at risk for petty theft, which can increase forest loss. For example, in Costa Rica, forestry officials often have low salaries and may see their government position as a gateway to making extra money (Miller, 2011) . Likewise, in Costa Rica corruption in the forestry sector is normalized and officials know what colleagues and loggers they can collaborate with for extra money (Miller, 2011) . Moreover, forestry officials may not want to report corrupt behaviors, as reporting leads to extra paperwork for violations, which can leave acts underreported (Arias, 2005) . In addition, officials may also intercept funds used for forestry protection, reducing the quality of state conservation measures (Sommer, 2017) . In sum, theft can skew forestry figures and misplace environmental funds, which should increase forest loss. Based on the above relationships, it is hypothesized that bribes, embezzlement, corrupt exchanges, and theft will correspond with higher levels of forest loss.
Method

Sample
The sample consists of 87 low and middle-income nations. Low and middle-income nations are defined using the World Bank Atlas method (Shandra et al., 2016) . Nations are included in the sample if they have a GNI per capita of 12,475 USD or less (World Bank, 2015) . High income nations are excluded because the dynamics of forest loss differ in these countries, and therefore are considered separate from low and middle-income nations in cross-national analyses (Shandra et al. 2011 ). Moreover, low and middle-income nations generally have higher levels of forest loss and corruption (Sommer, 2017) . Therefore, the sample is restricted to low and middle-income nations 1 .
Statistical Model
The current analysis uses ordinary least squares regression to analyze the effects of corrupt actions on forest loss. Researchers use OLS regression to estimate the factors that impact deforestation when longitudinal data are not available (e.g., Shandra et al., 2010 Shandra et al., , 2016 Jorgenson & Burns, 2007) . The formula for OLS regression is:
where, All models have been checked to ensure adherence to all regression assumptions (Shandra et al., 2016; Allison, 1999) . First, variance inflation factor scores, reported in table 3, reveal no potential problems with multicollinearity (York, Rosa, & Dietz, 2003) . Second, variable transformations are used when appropriate to correct for non-normally distributed variables and are noted in table 2 (Tabachnick & Fidel, 2013) . Third, based on standardized residuals, it appears that any potentially extreme cases are not biasing the results (Tabachnick and Fidel, 2013) . Fourth, there seems to be issues associated with heteroscedasticity based on Breush-Pagan statistics for each model, therefore, robust standard errors are used (Tabachnick & Fidel, 2013) .
Dependent Variable
Forest Loss: Cross-national research on forest loss often uses data from the United Nation's Food and Agriculture Organization's Global Forest Resources Assessment (e.g., Shandra et al. 2011 Shandra et al. , 2016 . However, some of these data are gathered using collection methods that differ by nation (Grainger, 2008) . Forestry statistics in some nations are more reliable than others that are estimated from remote sensing surveys or extrapolated from outdated forestry inventories (Food and Agriculture Organization, 2015; Grainger, 2008) . To correct for these issues this analysis uses newly available data on forest loss from high resolution satellite imagery in order to eliminate the potential source of error (World Resources Institute, 2016; Hansen et al., 2010) 2 , these data are obtained from the World Resources Institute (2016) Global Forest Watch web page. Forest loss is calculated by dividing the provided number of hectares of forest losses in a country from 2001 to 2014 by the country's total forest size in hectares for 2000, yielding the change of forest loss over this period of time (Rudel et al., 2016; Rudel 2017) .
One limitation of these data is that the imagery is only available for the time period of 2001-2014, although this type of measurement is in line with past cross-national research (Shandra, 2007; Shandra et al., 2016) . Another limitation of these data is that they are not suitable for over time comparisons using panel regression methods (Rudel, 2017) . This variable is logged due to skewness. 
Independent Variables
Grand/Executive Corruption: According to Dahlberg et al. (2016) , this variable measures the extent to which members of the executive branch or their agents grant favors in exchange for bribes, kickbacks, or other material inducements, and how often they steal, embezzle, or misappropriate public funds or other state resources for personal or family use. High numbers of this variable represent high levels of executive corruption (Dahlberg et al. 2016) . Based on the above discussion, we should expect higher levels of executive corruption to be associated with higher levels of forest loss. These data, as well as the data for the following three variables, are from the Varieties of Democracy Dataset (Dahlberg et al., 2016) . The creators of this dataset index the following two variables to measure the present variable (Dahlberg et al., 2016) .
Executive Embezzlement: This variable measures the extent to which the executive sector and their agents steal, embezzle, or misappropriate public and state funds for family or personal use (Dahlberg et al., 2016) . This variable is multiplied by negative 1 so that high numbers represent high levels of executive embezzlement.
Executive Bribes: This variable measures the extent to which the executive sector and their agents grant favors in exchange for bribes, kickbacks, or other material inducements (Dahlberg et al., 2016) . Again, this variable is multiplied by negative 1 so that high numbers represent high levels of executive bribery.
Petty/Public Sector Corruption: According to Dahlberg et al. (2016) , this variable measures the extent to which members of the public-sector grant favors in exchange for bribes, kickbacks, or other material inducements, and how often they steal, embezzle, or misappropriate public funds or other state resources for personal or family use. High numbers of this variable represent high levels of public sector corruption (Dahlberg et al., 2016) . Based on the above discussion, we should expect higher levels of executive corruption to be associated with higher levels of forest loss. Again, the creators of this dataset index the following two variables to measure the present variable (Dahlberg et al., 2016) .
Petty/Public Sector Theft: This variable measures the extent to which public sector employees steal, embezzle, or misappropriate public and state funds for family or personal use (Dahlberg et al., 2016) . This variable is multiplied by negative 1 so that high numbers represent high levels of executive embezzlement.
Petty/Public Sector Corrupt Exchanges: This variable measures the extent to which public sector employees grant favors in exchange for bribes, kickbacks, or other material inducements (Dahlberg et al., 2016) . Again, this variable is multiplied by negative 1 so that high numbers represent high levels of executive bribery.
Control Variable Selection and Measurement
The control variables selected, as well as the time period for which they are measured is based on previous cross-national research (Sommer, 2017; Shandra et al., 2016) . The time period for which each control variable is included is in parentheses. First, economic and political factors that may influence forest loss are controlled for. These include GDP per capita (2000), GDP growth (1990 GDP growth ( -2000 , forestry proximity to infrastructure (2000), and democracy (2000) (Ehrhardt-Martinez, Crenshaw, & Jenkins, 2002; Shandra et al., 2016; Shandra, 2007) . Second, the models include several demographic factors, including rural population growth (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and agricultural land area (2000) (Rudel & Roper, 1997) . Third, international factors of International Monetary Fund (IMF) loans (2000) and debt service (2000) are included in the models (Bunker, 1985; Shandra et al., 2011) . The democracy measure is available from Freedom House (2005) , and forest proximity to infrastructure is from the Food and Agricultural Organization Annual Forestry (2015) report. All other variables are available from the World Bank (2015) . Table 3 includes the ordinary least squares regression estimates of corrupt actions on forest loss. The first number in the table is the unstandardized coefficient, the next is the standardized coefficient, and the last number is the robust standard error in parentheses. All models report one-tailed tests due to the directional nature of the hypotheses (Shandra et al., 2016) . Every equation includes variables that represent GDP per capita, economic growth, forestry proximity to infrastructure, democracy, agricultural land area, IMF loans, and debt service. Each equation contains one of the six measures of corruption. Equation (3.1) contains the index of grand or executive corruption, and equation (3.2) and (3.3) contain embezzlement and bribes respectively. Equation (3.4) includes the index of petty or public-sector corruption, equation (3.5) contains corrupt exchanges, and (3.6) includes theft. The models are thus organized to deal with the high levels of correlation among the various corruption measures. b) The first number is the unstandardized coefficient, the second number is the standardized coefficient, and the third number in parentheses is the robust standard error.
Results
Across table 3, the coefficients that represent each corruption index and each corrupt action-bribes, embezzlement, corrupt exchanges, and theft-are positive and statistically significant, suggesting that higher levels of all corrupt actions tested are associated with increased forest loss. This finding supports previous research that suggests corrupt acts increase forest loss due to both grand and petty corruption (Currey & Ruwindrijarto, 2001; Palo, 2004; Sommer, 2017) .
Additionally, several other factors are associated with forest loss. First, the coefficients that represent economic growth are positive and significant in every equation, suggesting that higher levels of economic growth correspond with more forest loss, which is most likely because nations in economic upturns tend to invest in activities thatincrease forest loss (Rudel, 1989; Jorgenson, 2006) . Second, the coefficients that represent IMF loans are positive and significant in every equation. This is consistent with research by Shandra et al. (2011) , which argues that IMF loans increase forest loss due to policies that cut state spending for conservation. Third, the coefficients that represent rural population growth are associated with more forest loss, possibly due to resource shortages that often accompany growing rural populations (Jorgenson & Burns, 2007; Rudel, 2016) . Fourth, the coefficients that represent agricultural land area are associated with more forest loss in four of six equations. These findings support previous evidence showing that agricultural expansion can result in forests being cleared for crop expansion (Rudel et al., 2009 ).
There are also some non-significant findings. First, GDP per capita is not significant. This is surprising as previous research has found level of economic development to be related to forest loss. However, in this analysis, it is possible that the effects of economic growth are more important. Second, in four of six equations, forest proximity to infrastructure fails to reach levels of statistical significance. Third, democracy is not associated with forest loss.
Discussion
This study examines how corrupt actions, including bribes, embezzlement, corrupt exchanges, and theft, affect forests. In doing so, the analysis finds all four grand and petty corrupt actions to be related to increased forest loss. Therefore, this study begins to show support for the idea that corrupt acts, regardless of the act itself, are related to increased forest loss cross-nationally in low-and middle-income nations. The main findings demonstrate the importance of considering corrupt actions at both the grand and petty level when accessing how corruption impacts the natural environment (Bradshaw, 1987; London & Smith, 1988; Smith, 1996) . These results have important implications for enhancing government transparency in forestry. States should aim to adopt anti-corruption policies (Dadge & Thomas, 2013; Callister, 1999; Kishor & Rosenbaum, 2012) . However, as the present analysis shows, such solutions may not realistically reduce forest loss if they are specific to a particular corrupt act (Kishor & Damania, 2007; Gore et al., 2013) . Anti-corruption legislation must therefore take a bottom up as well as a top down approach in the forestry sector to address different corrupt actions simultaneously. At the top, state leaders and public officials in low-and middle-income nations can aim to remove logging concessions and implement internal processes to punish corrupt officials (Bryant & Bailey, 1997; Callister, 1999; Goncalves, et al., 2012) . At the bottom, the state can increase the wages of forestry officials, so they do not need to engage in corrupt exchanges and theft to make ends meet (Koyuncu & Yilmaz, 2009; Siebert & Elwert, 2004; Miller, 2011) . It may also be helpful to break up corrupt networks on the ground through providing monetary incentives for turning in corrupt officials and the loggers they partner with (Miller, 2011) .
There are some limitations of this study that should be reviewed. First, due to data availability, this study uses a sample of only 87 low-and middle-income nations. Future analyses should include all low-and middle-income nations when data become available. Second, although this study measures corrupt acts in the best way possible given current cross-national data, better measurement of corrupt acts is necessary for researchers to get a more precise understanding of how it effects forest loss. Unfortunately, because the data represent corrupt actions as a whole, and not specifically in the forestry sector, we can only rely on previous research to formulate how corrupt actions would translate into forest loss on the ground. The mechanisms discussed in this article are based on qualitative research in the nations involved and represent corruption in the forestry sector specifically. Although the independent variables in this analysis represent corrupt acts in all sectors, we can assume that nations with high levels of corrupt acts overall will generally have higher levels of corrupt acts in the forestry sector as well. However, future analyses will benefit from disaggregated corruption data that measures corrupt acts in each sector separately. Until these data are available, the Varieties of Democracy (2016) corruption data used in this article represent the best measure of disaggregated corruption.
Despite the limitations of the data, one conclusion remains clear, more scholarly attention should be paid to specific corrupt acts rather than corruption as a whole to better identify the factors that contribute to it and to develop more informative policy suggestions. Understanding the differences between corrupt acts should be of principal importance because of their detrimental impacts on forests. At the very least, corruption in cross-national research should be conceptualized as a series of actions and behaviors that undermine forestry conservation.
